The goal of maintaining an accurate gravity network at the BIPM headquarters is twofold: firstly to support the International Comparison of Absolute Gravimeters (ICAG), and secondly to support the BIPM watt balance (WB) project, which aims at determining the Planck constant h or realizing a future new definition of the kilogram based on a fixed value of h. In addition the absolute gravity measurements, Relative Gravity Campaign (RGC) is organized as part of each ICAG.
reference system in SI units which can be used as the global basis for geodetic and geophysical observations. Additionally, to support the WB project, the network was extended to the BIPM WB laboratory.
In this paper, we briefly recall the background of the ICAG/RGC2009 and outline the new characteristics of the updated network, the organization and the performance of the measurements. Finally we present preliminary results from the RGC2009.
Introduction

Notation:
Gal ¼ 1 cm s À2 g: Absolute gravity acceleration value in mGal (minus a constant value of 980 900 000 mGal); RG/AG: Relative/Absolute gravimeter; dg: Difference of g measured by RG; dg/dH: Vertical gravity gradient; KC/PS: Key Comparison/Pilot Study [1, 2] ; Site, station and point: A site is comprised of one or several stations located in an isolated indoor laboratory. The three sites at the BIPM headquarters used in ICAG2009 are: A, B and WB ( Fig. 32.4) ; a station is comprised of 3-5 points vertically aligned and is marked by a benchmark (Figs. 32.2, 32.3 and 32.4); a point is the location at 30 cm, 90 cm, 130 cm, 155 cm or 170 cm vertically above the benchmark of a station ( Fig. 32.1a ).
Simple schedule: the basic RG measurement set designed for the KC;
Full schedule: a strengthened RG measurement schedule designed for the PS with more redundant measurements and closure constraints; WB schedule: additional RG measurements at the watt balance site.
Background
An International Comparison of Absolute Gravimeters (ICAG) takes place every 4 years at the BIPM headquarters in Sèvres, France. The 8th ICAG (2009) was organized in accordance with a proposal made at the 3 rd Joint Meeting of the Working Group on Gravimetry of the Consultative Committee for Mass (CCM WGG) and the SGCAG 2.1.1 of the International Association of Geodesy (IAG), held on 24 August 2007 [1, 3] ; it was agreed that the main part of ICAG2009 should be considered a key comparison (KC, CCM.G-K1 [2] ) under the terms of the Mutual Recognition Arrangement of the International Committee for Weights and Measures (CIPM MRA, www.bipm.org/en/convention/mra). This decision constitutes an important step in accurate gravimetry applications as it means that the resulting ICAG2009, traceable to the International System of Units (SI), can be used as the global basis for geodesic and geophysical observations. Measurements not forming part of the KC itself were undertaken in the framework of a pilot study (PS). The associated RGC2009 was therefore adapted to better support the new functions of the ICAG [3] and the WB project. The result is an extended, updated and SI-traceable gravity network at the BIPM.
The technical specifications of the RGC2009 were discussed during two meetings of the steering committee held at the BIPM headquarters in Sèvres on 21 Nov. 2008 and in Prague on 11-12 May 2009. A number of essential points were agreed during these two meetings: 1. The main role of RGC2009 is to support the KC and PS of the ICAG2009; the results are the set of gravity distributions above the gravity stations (with their uncertainties) which allow the individual absolute determinations to be reduced to the same reference to permit their comparison. 2. The result of the RGC2009 should be independent of the absolute result of ICAG2009, i.e., the RGConly computation does not require calibration from the ICAG. 3. The data recording and submission should be fully digital. 4. The measurements should be made using at least 5 gravimeters following carefully designed schedules. 5. The measurements should be closely synchronized with the ICAG2009.
6. Additional measurements should be organized in the framework of the BIPM watt balance (WB) project. 7. Measurements should be made using strengthened tripods to increase the stability (Fig. 32.1b) and to enable measurements at heights of 155 cm and 170 cm as required by the WB project.
Based on the above considerations and the experience gained in the previous RGCs [4, 5] , it was decided that the best performing relative gravimeters should be used, for their advantages in calibration and digital data management. Nine selected Scintrex CG and ZLS BURRIS gravimeters were invited to participate. 
Organization of RGC2009
Unlike the previous ICAGs, the ICAG2009 consisted of two parts: a key comparison (KC) and a pilot study (PS) as described in detail in [1] [2] [3] . The measurement schedules and the data-processing strategy of the related "relative" campaign RGC2009 are described below. Matthias Becker (IPG DTU) and Zhiheng Jiang (BIPM) were charged with organizing the measurements and data processing.
Participants of RGC2009
Seven organizations with 9 gravimeters took part in RGC2009 (Table 32. 
Design of the Vertical and Horizontal dg Measurement Schedules
The measurement schedule was designed to yield the lowest possible uncertainty in dg under the BIPM laboratory conditions, given an achievable amount of work. The measurement scheme had a closure-based sequence with short and symmetrical time-distance intervals so as to minimize the influence of the uncertainties due to gravimeter zero-drift (reference point displacement with time), set-up of the gravimeters, and displacement and environmental influences. Level fixed tripods were used for the vertical dg measurements to avoid errors in the height measurements. The main point of each station is defined at 90 cm vertically above the ground surface marker to reduce the near ground non-linear variation in g. The ZLS RGs are always set up to be oriented to the north. The RG sensor is vertically above the benchmark and close to the height of the defined point to minimize the eccentricity. A typical occupation takes about 5 min, including setting up the gravimeter, allowing 30 s for stabilization, then making two readings averaged out of two samples of 100 s recordings separated by a 10 s pause. As described above, there were three categories of schedule; the simple schedule designed for the KC, the full schedule for the PS and for further scientific studies where more redundant measurements and closure constraints are needed, and an additional WB schedule to investigate the local field in order to determine the g-value at the center of test mass of the WB. Raw digital recordings were reported to the BIPM, without any corrections such as for the Earth tide or zero-drift corrections.
In comparison with the previous RGCs, hold in 2001 [4] and 2005 [5] , the main novel features of the RGC2009 are that: 1. Nine of the best performing gravimeters in Europe were invited to participate, including 7 Scintrex CG and 2 ZLS Burris. All have digital recording facility and owner calibration. The out-door sites C1 and C2 [5] were used to verify the owner calibrations. Figure 32 .1a illustrates the schedule of the vertical dg measurements for the gradient determination at each station. These measurements were realized with the help of a set of fixed-level tripods. The simple-schedule included 7 occupations at each station, and the full schedule included 10 occupations. The measurements were made at the 8 stations A, B, B1, B2, B3, B4, B5 and B6, giving a total of 56 occupations in the simple schedule and 80 in the full one. In the WB schedule, additional points at 155 cm height for the ZLS meters and 170 cm height for the Scintrex meters were measured at the stations W1 and W2 so as to coincide with the reference height of the BIPM watt balance. Figures 32.1c, d show the set-up used for the vertical dg measurements.
Vertical dg Ties
Horizontal dg Ties
B site: Horizontal dg 3D-grid measurements at site B were performed at a height of 90 cm for the simple schedule and at heights of 30 cm, 90 cm and 130 cm for the full schedule. The measurements followed two schemes as illustrated in Fig. 32 .2: the "odd" scheme for the odd-numbered gravimeters (1, 3, 5, 7 and 9 in Table 32 .1) and the "even" scheme for the even-numbered gravimeters (4, 6, 8 and 10 in Table 32 .1). There were 10 occupations at a height of 90 cm in the simple schedule and 10 occupations at each of 30 cm, 90 cm and 130 cm in the full schedule.
WB site: Horizontal dg ties at the WB site were measured between W1 and W2 as illustrated in Fig. 32.3 . W1 is the gravity station and W2 is the location of the BIPM watt balance for which the reference height will be about 1.5 m (not confirmed as yet). The gravity pillar W1 is founded 1.5 m deep in the W2 station: In order to set up a precise model of the local gravity field around the BIPM watt balance, a 3D dg grid was constructed based on measurements made at five horizontal levels at heights of 30 cm, 90 cm, 130 cm, 155 cm and 170 cm above the station W2 (Fig. 32.5) . The scheme consisted of four separated triangles, each triangle being closed at the point W2. To reduce the total number of measurements required, other ties, e.g., between W3, W5, W7 and W9, were not measured. Similarly, the heights of 155 cm and 170 cm were not measured by both of the models (Scintrex and ZLS). In total there were thus 52 occupations at heights of 30 cm, 90 cm, 130 cm, 155 cm and 170 cm in the WB schedule.
WB site: To investigate the gravity variation in the WB laboratory, a grid consisting of the dg profiles was measured. The horizontal dg was measured at the nodes of the grid with a cell -size of 2 m Â 2 m, 130 cm above the ground. The grid consists of four independent closures as illustrated in Fig. 32 .6. In total 42 occupations were organized for the WB schedule. Table 32 .2 displays the total number of occupations included in the different schedules. An adapted schedule was printed and distributed to the operators of the gravimeters. It was important that the schedules be tightly respected so that the designed uncertainty would be attained and all the results would be identifiable from the raw recordings. The latter is particularly important when identifying the causes of an outlying data point, which might arise due to measurement errors or simply typing errors in a point name. In total there were 96 and 163 occupations in the simple and full schedules, and 101 additional occupations in the WB schedule.
Uncertainty Evaluation for a dg
The measurement uncertainty was estimated assuming ideal indoor air-conditioned laboratory conditions, characterized by small values of dg, small and symmetric time intervals and short distances between the points, use of fixed-height tripods and respect of the carefully designed closure-based measurement schedules. Table 32 .3 lists the standard uncertainty budget of a dg obtained during one measurement by a single RG [1, 5] . Here "Eccentricity of gravimeter sensor" refers Table 32 .4 presents the polynomial coefficients of the gradients and Table 32 .5 the gravity differences at a height of 90 cm between the BIPM network stations.
Preliminary Result
Conclusion
ICAG2009 was the 8th in the series of International Comparisons of Absolute Gravimeters, but the first metrological key comparison, the results of which will be used for the BIPM watt balance project. The accompanying campaign of relative gravity measurements (RGC2009) was adapted correspondingly and the BIPM network was updated to follow the new developments. New features were that only selected relative gravimeters were used, the network was extended to the watt balance laboratory, new points were measured at heights of 150 cm and 170 cm and strengthened tripods were employed to improve the stability of the measurement set-up. The resulting network is a 3D-grid. In addition, new precision leveling was performed at all the gravity stations.
Measurement schedules employing two types of relative gravimeters were carefully designed to increase redundancy and constraints in order to reduce the uncertainty of the dg and enable to study the performance of individual gravimeters.
The performance of ZLS and Scintrex gravimeters was compared and our preliminary analysis indicates that they agree very well within the estimated uncertainty. Detailed discussions will be given in a separate paper including the final results, the uncertainty analysis, comparisons with the results of the earlier ICAGs and that of the absolute determinations as well as the gravimeter behaviors etc.
Accurate knowledge of the BIPM gravity network provides a basis for monitoring the stability of the local gravity field at the BIPM.
